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Evo lut ionary  opt im izat ion  technique is  a  sub f ie ld  o f  Art i f i c ia l  Inte l l igence ,  
whose  search  procedures  a re based on the mechanism o f  natura l  se lect ion  
and genet ic  opera t ions .  As  the  typica l  evo lut ionary  computa t ion  methods ,  
Genet ic  Algor i thms  (GA) ,  Genet ic  Programming (GP)  a nd Evo lut ionary  
Programming (EP)  have  been propo sed decades  years ago ,  and a  la rge  
number  o f  s tudies  apply ing  them to  many  f ie lds  have  been  conducted .  GA 
evo lves  s t r ings and has been  appl ied  to many k inds  o f  opt imizat ion  
prob lems.  GP was  dev ised  la ter  in  order  to  expand the  express ion  ab i l i ty  
o f  GA by  us ing  t ree  s t ructures .  This  s t ructura l  change  o f  so lut ions  
b rought progresses  on  the evo lut ionary  computa t ion  and made  GP  
appl icab le  to  more  complex  prob lems.  S ince  the  past  s tudies  suggested  
tha t  the  d i f fe rences  o f  express ion  ab i l i ty  in  each  evo lut ionary computat ion  
method  potent ia l ly  l inked to  the complex ity  o f  the  appl icab le  ob ject ive  
prob lems,  a  new evo lut ionary  computat ion  method  named Genet ic  Network  
Programming  (GNP)  has  been  proposed as  an  extens ion  o f  GA and GP 
around ten  years  ago by  employ ing  a  d irected  graph as  i t s  genes .  To  ver i fy  
i t s  appl icab i l i ty  and e f f i c iency,  some  studies  have  been  done  on  both  
v irtua l  and rea l  wor ld  prob lems.  
 
GNP was  f i rs t ly  appl ied  to Eleva tor  Group Superv isory Contro l  Syste m 
(EGSCS)  in  rea l  wor ld  p rob lem s a f ter  i t s  appl i cab i l i ty  and e f f i c iency  have  
been  c la r i f ied  in  v ir tua l  wor ld  such  as t i le -wor lds  mode ls .  EGSCS  is  the  
system,  where  the e leva tor  g roup superv isory  contro l ler  contro ls  e leva tor  
movements  to  t ransport  passengers  in  a  bu i ld ing  e f f i c ient ly.  I t  
systemat ica l ly  mana ges  three  or  more  e leva tors  in  order  to  e f f i c ient l y  
t ransport  the  passengers  in  bui ld ings .  Recent ly,  the  t ra f f i cs  o f  the  
bui ld ings  become more and more  d ivers i f ied  and compl ica ted  as the  
bui ld ings  have  more  var ious  funct io ns  and inte l l igence .  In  doub le -deck  
e leva tors ,  two  e leva tor  ca rs  a re conn ected with  each o ther,  and passengers  
at  two  consecut ive  f loors  can  be  served  s imultaneously  so  tha t  the  
passenger-handl ing  capacity  o f  each  e leva tor sha ft  i s  increased.  After  tha t ,  
mult i - ca r  e leva tors  a re  a t t ract ing at tent ion these  days .  The mult i - ca r  
e leva tor  has  two cars  which  a re  operated  separa te ly  in  one  e levator  sha ft .  
Doub le -Deck  Elevator  (DDES)  and Mult i -Car  Eleva tor  System (MCES)  
become more  complex  in  the ir  behav iors  than  convent iona l  S ing le -Deck  
Eleva tor  Systems (SDES) .  Compared with  s ing le -deck  e leva tor  g roup  
superv isory  contro l  systems,  DDES and MCES require  less  co re  space  in  a  
bu i ld ing .  This  a spect  is  espec ia l ly  important in  the ta l l  bu i ld ings ,  wher e  
 3 
the minimiza t ion  o f  the f loor  a rea  occupied  by the e leva tors  is  h ighly  
required .  Meanwhile ,  Dest ina t ion  F loor  Guidance  System  (DFGS)  has  
appeared to  dea l  w ith  the  in form at ion  on  the  dest ina t ion  f loor  o f  
passengers  by  input t ing  the ir  dest ina t ions  a t  e leva tor  h a l ls  be fore  get t ing  
in  e leva tors  instead o f  putt ing  the  car  ca l l  but ton in  e leva tors .  S imula t ion  
test  resu lt s  demonstra ted that  GNP could  a lso  work  we l l  on  such  a  
complex  s tochast ic  opt ima l  contro l  pr ob lem.  
 
In chapter  2 ,  GNP was  appl ied  to  SDES cons ider ing  the energy  
consumpt ion .  The  systemat ic  s tudy o f  the e leva tor contro l  prob lem is  done  
by d iv id ing  the  passenger t ra f f i c s  i nto three d i f ferent  pa t terns  such  as  
regular  t ra f f i c ,  up -peak t ra f f i c  and down -peak t ra f f i c ,  and f rom l ight mod e  
to heavy  mode .  S ince  there  a re  some id le  ca rs  in  the l ight  t ra f f i c  mode ,  
the ass ignment  o f  them to  the  opt i ma l  f loor  is  a lso  important for  the  
contro l ler.  There fore ,  the  id le  ca r  a ss ignment  has  been  embedded in  the  
proposed method.  The purpose  o f  th is  chapter  is  t o  ana lyze the  
per formances o f  the  e leva tor  system us ing  the proposed method,  espec ia l l y  
in  energy  consumpt ion .  In  addit ion ,  the  re lat ionship  between  the  energy  
consumpt ion and o ther per formances is  ana lyzed.  I t  was  found from  
s imula t ion  resu lt s  tha t  the  proposed  method cou ld  a lso  adjust s  the  
ba lance between  energy consumpt ion  and wa it ing  t ime .   
 
In chapter  3 ,  GNP was appl ied  to DDES with  DFGS and i t s  e f fect iveness  
is  s tudied  a long  with  the  in f luence  o f  DFGS.  Recent ly,  the  t ra f f i cs  o f  the  
bui ld ings  become more and more  d ivers i f ied  and compl ica ted  as the  
bui ld ings  have more  var ious  funct ions  and inte l l igence .  Then ,  DDES 
appeared as  one  o f  the  e leva tors  in  a  new genera t ion .  Meanwhile ,  DFGS  
has  been  insta l led  to  dea l  w ith  the i n format ion  on  the  dest ina t ion  f loor  o f  
passengers  be fore  get t ing in  e leva tors ,  expect ing that  the  wa it ing t ime  
and t rave l ing  t ime  are  a l l  improved .  The  s imula t ion  resu lt s  showed the  
e f fect iveness  o f  the  doub le -deck  e leva tors  w ith  DFGS in  d i f ferent  bu i ld ing  
t ra f f i cs .  F ina l ly,  the  per formances  o f  the  sys tem with  DFGS and  the one  
without  DFGS in DDES are  comp ared through s imula t ions and the  
e f fect iveness  o f  DFGS was  c la r i f ied .  
 
In chapter 4 ,  Er lang dist r ibut ion  and Binomia l  d is t r ibut ion  a re  appl ied  in  
order  to  s tudy  how the  passengers '  a rr iva l  d is t r ibut ion  a f fect s  EGSCS.  
S ince  the  e leva tor  system is  dr iven  by  passengers '  a rr iva l ,  i t s  p robab i l i ty  
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d is t r ibut ion  character izes  the t ra f f i c s in  the e leva tor systems.  Genera l ly  
speaking,  e levators  have  been  opera ted  in  order  to  inc rease  the  e f f i c iency  
o f  the  passeng ers '  movement in  the  bui ld ings  or  t o  increase  the  t rave l  
comfort  fo r  the  passengers .  There fore ,  i t  i s  natura l  t o  s tudy  how  Erlang  
and Binomina l  d is t r ibut ion s  o f  the  passengers ’ a rr iva l  a f fect  EGSCS,  
espec ia l ly  when the  passengers  get t ing o f f  at  the ra i lway  stat ions  near  to  
the  bui ld ings  a rr ive  in  a  batch  mode  a t  the  entrance  f loor  o f  e leva tors .  I t  
was  found from s imulat ions  quant i ta t ive ly  tha t the passengers ’ a rr iva l  in  
the ba tch  mode  is  t ough for  EGSCS 
 
In  chapter  5 ,  a  hybr id  a lgor i thm  combin ing  GNP and Ant  Co lony  
Opt imizat ion  (ACO) was  s tudied .  The  mot iva t ion is  t o  int roduce  a  pos i t ive  
feedback  explo i ta t ion mechanism into  GNP,  whose  ra t iona le  is  t o  combine  
the advantages  o f  the  GNP with  ones  o f  ACO.  Because o f  the  evo lut ionary  
features  o f  GNP,  a  hybr id  a lg or i thm is  less  l ike ly  to  be  t rapped in  a  lo ca l  
opt imum than ACO only.  Whi le  due  to  ACO, a  hybr id  a lgor i thm o f ten  
converges  fa ster  than s imple  GN P.  Genera l ly  speaking ,  the hybr id  
a lgor i thm usua l ly  can explore  a  better  t radeo f f  be tween  the computat iona l  
cost  and g loba l  opt ima l i ty  o f  the so lut ion  found.  I t  was  conf irmed from  
s imula t ions  tha t  the  proposed a lgor i thm is  use fu l  fo r  EGSCS in  terms o f  
the ba lance  between  explo i ta t ion  and explora t ion .  
 
In chapter  6 ,  the  contro l lers  fo r  Mul t i -Car  Eleva tor  System  (MCES)  us ing  
GNP was  studied .  The  e f fect s  o f  MCES are  examined,  and the  compariso n  
between  MCES and DDES was  done quant i tat ive ly  by s imula t ions .  At  
present ,  lo t s  o f  bu i ld ings  with  more  than  40  f loors  a re  be ing  bui l t ,  which  
a re  usua l ly  d iv i ded into  severa l  zo nes  served by  loca l  e leva tor  g roups .  
When MCES is  appl ied  to  such  bui l d ings ,  the  cars  should  be  opera ted  a t  
equa l  t ime  interva ls ,  in  o rder  to  ob ta in  i t s  good per formance .  So,  a  new 
method to avo id  the  bunching  phenomenon  is  proposed by co l lect ing  the  
pos i t ion  in format ion o f  e leva tors .  The per formances o f  MCES are  
compared with  SDES and DDES,  as  a  resu lt ,  i t  was  found tha t  MCES 
outperforms  SDES and DDES,  espe c ia l ly  when the  t ra f f i cs  o f  e leva tor  
systems are heavy.  
 
In chapter  7 ,  a f ter  g iv ing  the  ob j ect ives  and mot iva t ion  o f  each  research  
in  th is  thes is ,  some  conclus ions  about  the proposed  a lgor i thms are  
descr ibed  based on  the  s imula t ion  resu lt s .  
